We have previously demonstrated that the human T-cell leukemia virus type 1 (HTLV-1) Tax oncoprotein represses the trans-activation function of p53 tumor suppressor protein. Recently, several proteins with sequence homology to p53 have been identi®ed. In this study, we demonstrated that Tax represses the transactivation functions of p73a, p73b, and p51A, the p53-related proteins, as well as p53. Moreover, a mutant Tax of coactivator CBP-binding site (K88A), which activated NF-kB but not CREB pathway, could not repress the p73 nor p51 trans-activation functions, indicating that CBP-binding domain of Tax is essential for the suppression of their functions. Using proteins of Gal4-fused N-terminal region of p73 and p51, we showed that Tax-mediated inactivation of p73 or p51 requires for their N-terminal trans-activation domains. Furthermore, only the putative N-terminal trans-activation domains of them did not have enough transcriptional activities and their adjacent regions are essential for their full transactivation, suggesting the existence of their second transactivation subdomains. Thus, HTLV-1 Tax inactivated the p53-related proteins through their N-terminal transactivation domains. Oncogene (2000) 19, 827 ± 830.
Recently, several proteins with sequence homology to p53, including p73 (p73a, p73b, p73g, p73d, and p73e) and p51/p63; p63/pBL, p73L/p40, have been identi®ed (Kaghad et al., 1997; Jost et al., 1997; Osada et al., 1998; Trink et al., 1998; Yang et al., 1998; Senoo et al., 1998; de Laurenzi et al., 1998; Ueda et al., 1999) . Previous studies demonstrated that the human T-cell leukemia virus type 1 (HTLV-1) Tax oncoprotein represses the p53 trans-activation function (Cereseto et al., 1996; Akagi et al., 1997a; Pise-Masison et al., 1998a,b; Mulloy et al., 1998) . Therefore, we have expected that HTLV-1 Tax might inactivate these p53-related proteins as well as p53. To address this issue, we analysed the eect of Tax on the trans-activation functions of p53-related proteins, including p73a, p73b, and p51A/p63g.
At ®rst, to analyse transcriptional activity of p53-related proteins, we examined the luciferase assay using p53-responsive reporter construct (p53-RE-Luc), which contains two copies of p53-binding consensus sequence upstream of the luciferase gene (Kiyono et al., 1994) . Each expression plasmid under the control of cytomegalovirus promoter in the pcDNA3 vector (Invitrogen), including p53, p73a, p73b (Ueda et al., 1999) or p51A (Osada et al., 1998) , were co-transfected with p53-RELuc into MT-2 cells, HTLV-1-infected T-cell line, and measured their luciferase activities. As previously described, the luciferase activity by p53 was repressed in MT-2 cells ( Figure 1a ) (Akagi et al., 1997a) . Similarly, the activities by p73 and p51A were also repressed in MT-2 cells, indicating the inactivation of p53-related proteins as well as p53 in HTLV-1-infected T-cell line, MT-2.
Then, we performed the luciferase assay using the p53-responsive reporter construct, p53-RE-Luc, to analyse whether HTLV-1 Tax oncoprotein represses p73 and p51 trans-activation functions. Plasmids expressing tax and p53 gene were co-transfected into Saos2 cells and measured luciferase activity of the cell lysate. As expected, all p53-related proteins elevated the luciferase activities (Figure 1b) , although the magnitudes of transcriptional activities varied among cell lysates expressing these proteins (Jost et al., 1997; Osada et al., 1998) . p53 and p73b showed markedly higher transcriptional activities than that of p73a. The luciferase activity by p51A was intermediate. Similar results were also obtained in Jurkat cells (data not shown). This indicated that Tax represses the transactivation functions of p53-related proteins as well as p53. To analyse means of the inactivation by Tax, we used a mutant Tax of CBP-binding site (K88A). It is known that the mutant Tax, K88A, loses the CBPbinding activity (Harrod et al., 1998) . K88A activated NF-kB but not LTR-promoter activity, while wild-type Tax activated both promoter activities in Saos2 cells (Figure 2a,b) (Harrod et al., 1998; Ariumi et al., unpublished manuscript) . Using this mutant Tax, we analysed the eect on the trans-activation functions of the p53-related proteins. K88A also failed to repress the p73a, p73b, and p51A trans-activation functions (Figure 2c ), indicating that CBP-binding domain of Tax is involved in the suppression of their transactivation functions. Tax mutant K88A reduced activities of the p53 and its family genes to some extent (Figure 2c ). Although we do not know the reason for this but it is possible that this mutant Tax still weakly associates with CBP.
Recent studies demonstrated that Tax inactivates p53 through its N-terminal trans-activation domain (Pise-Masison et al., 1998a; Ariumi et al., unpublished manuscript). To determine whether Tax also inactivates p53-related proteins through their N-terminal domains as well as p53, we used the Gal4-p73N, p51AN, or p53N-fusion proteins, which are Gal4-fused with the N-terminal regions of p53-related proteins. The DNAbinding domain of Gal4 was fused to the ®rst 52 amino acids of p53 (Gal4-p53NS) which contains p53 transactivation subdomain 1, and to the ®rst 105 amino acids (Gal4-p53NL) which contains both p53 transactivation subdomain 1 and 2 (Venot et al., 1999) (Figure 3) . Similarly, Gal4-p73NS (amino acid residues 1 ± 54), Gal4-p73NL (1 ± 125), Gal4-p51ANS (1 ± 59), and Gal4-p51ANL (1 ± 135) were constructed ( Figure  3 ). These fusion constructs were cotransfected into Saos2 cells with Gal4-luciferase reporter plasmid, pGal4-Luc (Stratagene) and performed luciferase assays for the lysates derived from these transformed cells. Gal4-p53NS, Gal4-p73NS, and Gal4-p51ANS, which contain only the putative trans-activation domains (Osada et al., 1998) , weakly activated the Gal4-luciferase activity. On the other hand, Gal4-p53NL, Gal4-p73NL, and Gal4-p51ANL strongly activated it (Figure 4 ), indicating that only the putative N-terminal trans-activation domains of p53-related 6 cells) were cotransfected with 0.5 mg of reporter plasmid, p53-RE-Luc (Kiyono et al., 1994) or pLTRLuc, 2.0 mg of pcDNA3p53, pcDNA3p73a, pcDNA3p73b (Ueda et al., 1999) , pcDNA3p51A, or pcDNA3 (Invitrogen) as a control, and the luciferase assay was performed 24 h later. The LTR-Luc reporter contains ®ve Tax-responsive 21 bp promoter (Akagi et al., 1997b) . All transfections were equalized for the amount of total DNA by addition of pcDNA3 vector. Numbers indicate the relative luciferase activities. The results represent an average from three independent experiments. (b) Tax-mediated repression of trans-activation functions of the p53-related proteins. By using the FuGENE6 transfection reagent (Boehringer Mannheim), Saos2 cells (1.0610 5 cells) were cotransfected with 0.1 mg of reporter plasmid, p53-RE-Luc, 0.2 mg of pcDNA3p53, pcDNA3p73a, pcDNA3p73b, or pcDNA3p51A, and/or 0.4 mg of wild-type Tax expression plasmid, and the luciferase assay was performed 24 h later. All transfections were equalized for the amount of total DNA by addition of the empty vector, pcDNA3. Numbers indicate the relative luciferase activities. The results represent an average from three independent experiments cells) were cotransfected with 0.1 mg of the reporter plasmid, p53-RE-Luc, 0.2 mg of pcDNA3p53, pcDNA3p73a, pcDNA3p73b, or pcDNA3p51A, and/or 0.2 mg of pcDNA3 Tax (wt) or pcDNA3 Tax (K88A), and luciferase assay was performed 24 h later. All transfections were equalized for total DNA by addition of the empty vector. Numbers indicate the relative luciferase activities. The results represent an average from three independent experiments proteins do not have enough transcriptional activities and the additional sequence of their adjacent regions are required for the full trans-activation. Requirement of the adjacent region to the N-termini of p53 family proteins for full trans-activation remains to be clari®ed. We observed similar expression level of these Gal4-fusion proteins by Western blot analysis in the transfected cells (data not shown). Because that Tax mediated repression of trans-activation was higher in those having the adjacent region (Figure 4) , however, it may be possible that interaction of those molecules to CBP increase or that the interacting molecules were stabilized in association. Importantly, Tax repressed all these Gal4-p53N, p73N, and p51AN trans-activation functions, except for Gal4-p73NS (Figure 4 ), indicating that Tax repressed the p73 and p51 trans-activation functions through their N-terminal trans-activation domains with dierent degrees.
DNA viral oncoproteins, including SV40 T antigen, human papillomavirus (HPV) E6, adenovirus E1B, and adenovirus E4orf6 oncoprotein, inhibited the p53 function through the direct binding (Bargonetti et al., 1992; Dobner et al., 1996; Schener et al., 1990; Segawa et al., 1992; Yew and Berk, 1992; Yew et al., 1994; Werness et al., 1990) . In contrast, those DNA viral oncoproteins, except the adenovirus E4orf6 oncoprotein, can not inactivate p73 (Higashino et al., 1998; Marin et al., 1998; Roth et al., 1998; Steegenga et al., 1999) . Only adenovirus E4orf6 oncoprotein binds to the C-terminal region of p73 and inactivates its trans-acting function (Higashino et al., 1998; Steegenga et al., 1999) . In this study, we have found that Tax represses p73 and p51 trans-activation functions as well as p53. This is the ®rst case of inactivation of p51/p63 by a viral oncoprotein. However, Tax could not directly bind to the p53-related proteins, indicating that Tax inactivates p73 and p51A through indirect interaction ( Figure 5 ). Moreover, Tax did not change the DNA-binding activity and nuclear localization of p73b (data not shown). These ®ndings were contrast to the case of adenovirus E4orf6. Importantly, the mutant Figure 3 Schematic representation of Gal4-trans-activation domains of p53-related proteins. To construct pGal4-p53NS, a DNA fragment encoding amino acids 1 ± 52 of p53 was ampli®ed from pcDNA3p53 with two primers (5'-CGCGGATCCGC-CATGGAGGAGCCGCAGTCA-3' and 5'-CCCAAGCTTTTG-TTCAATATCGTCCGGGGA-3'). The resulting DNA fragment was subcloned into BamHI-HindIII site of the Gal4 DNA-binding domain expression plasmid, pM (Clontech). pGal4-p53NL(amino acids residues 1 ± 105), pGal4-p73NS(1 ± 54), pGal4-p73NL(1 ± 125), pGal4-p51ANS(1 ± 59), pGal4-p51ANL(1 ± 135) were generated in the same way as pGal4-p53NS Figure 4 Tax-mediated repression of p73 and p51 transactivation functions through their N-terminal trans-activation domains. By using the FuGENE6 transfection reagent, Saos2 cells (1.0610 5 cells) were cotransfected with 0.1 mg of reporter plasmid, pGal4-Luc, 0.4 mg of wild-type Tax expression plasmid, and 0.2 mg of pGal4-p53NS, pGal4-p53NL, pGal4-p73NS, pGal4-p73NL, pGal4-p51ANS, or pGal4-p51ANL, and the luciferase assay was performed 24 h later. All transfections were equalized for the amount of total DNA by addition of the empty vector. Numbers indicate the relative luciferase activities. The results represent an average from three independent experiments Figure 5 Tax does not physically associate with p53 and its family proteins. By using FuGENE6 transfection reagent, COS7 cells (1.0610 6 cells) were transfected with 5 mg of pCMV Tax or 5 mg of each of pcDNA3p53, pcDNA3p73b Flag (Ueda et al., 1999) or pRc/CMV HA p51 (Osada et al., 1998) . Total amount of DNA was equalized by adding pcDNA3 empty vector. Twentyfour hours after transfection, the cells were metabolically labeled with Tran 35 S-label (ICN, 3.7 Mbq/ml) at 378C for 4 h. The 35 Slabeled cells were lysed in the lysis buer containing 10 mM TrisHCl (pH 8.0), 150 mM NaCl, 1 mM EDTA, 1% NP-40, 1 mM DTT, and 1 mM PMSF. The lysate was pre-cleared with 30 ml of protein-G-Sepharose (Pharmacia), and the aliquot of supernatant was incubated with 2 mg of anti-p53 monoclonal antibody (PAb 1801, Ab-2, Calbiochem), anti-Tax monoclonal antibody (MI 73) (Yamaoka et al., 1996) , anti-FLAG monoclonal antibody (M2, Sigma), anti-HA mouse monoclonal antibody (12CA5, Boehringer Mannheim) or normal mouse IgG at 48C for 1 h. The immune complexes were absorbed on 30 ml of protein-GSepharose resin, and the resin was washed four times with 600 ml of the lysis buer. After elution by boiling the resin for 5 min in the 16 Laemmli sample buer containing 50 mM TrisHCl (pH 6.8), 2% SDS, 0.1% bromophenol blue (BPB), 10% glycerol, and 5% 2-mercaptoethanol, the proteins were fractionated with a 10% SDS-polyacrylamide gel electrophoresis, and detected by autoradiography Tax of CBP-binding site, K88A, could not repress trans-activation function of p73 and p51A as well as p53 (Figure 2c ), suggesting that CBP might involve in these repression. Consistent with this result, Tax inactivated p73 and p51A through their N-terminal trans-activation domains, which possibly contain the CBP-binding domain. In this regard, the precise role of CBP in inactivation of the p53-related proteins is under investigation. Furthermore, we have demonstrated that the only putative N-terminal trans-activation domains encompassing the ®rst 52 to 59 amino acid residues of p53-related proteins do not have enough transcriptional activities but the regions including further extending to adjacent regions are required for the full trans-activation ( Figure 4) . As previous studies suggested the existence of second p53 trans-activation subdomain (Chang et al., 1995; Venot et al., 1999) , p73 and p51 might have also such the second transactivation domains.
Recently, we and other groups have demonstrated that Tax-mediated activation of CREB pathway is essential for the repression of p53 trans-activation function (Ariumi et al., unpublished manuscript; Mulloy et al., 1998) . Consistent with this ®nding, K88A which activated NF-kB but not CREB pathway, could not repress p73 nor p51 trans-activation functions (Figure 2) . Activation of cellular genes is thought to be essential for Tax-mediated cell transformation. In this regard, previous study demonstrated that NF-kB but not CREB pathway is essential for the Tax-mediated transformation of Rat-1 cells (Yamaoka et al., 1996) . In contrast, it has been suggested that the Tax-mediated activation of CREB pathway is essential for Tax-mediated cell immortalization (Akagi et al., 1997b; Matsumoto et al., 1997; Rosin et al., 1998) . In addition, Tax was shown to inhibit the nucleotide excision repair (Kao and Marriott, 1999) and to increase mutation frequency of the cellular genome (Miyake et al., 1999) . Inactivation of p53 by Tax may be one such the mechanism to increase mutation frequency. However, the roles of repression of other p53-related proteins by Tax in cell transformation is needed to be clari®ed.
